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Abstract 
This experiment aimed to investigate the effects of seated posture regulation on children’s 
psychological and physiological state and test performance. Thirty-eight boys (mean age: 
12.3 ± 0.53 years) participated in both upright and normal posture conditions in a 
within-participants design. Participants completed a two-dimensional mood scale to measure 
psychological mood states and performed three tests (calculation, listening comprehension, 
and word memory). Heart rate, as an index of physiological arousal state, was measured. 
Upright posture resulted in greater vitality and pleasure, as well as increased heart rate, 
compared to normal posture. Upright posture also led to significantly higher scores for 
calculation and listening comprehension tests. Moreover, the increases in vitality level 
positively influenced increases in calculation and listening comprehension test scores. This 
study suggests that adopting an upright posture results in maintaining a positive 
psychological state and improving test performance of children. 
Keywords: posture; mood; test performance; self-regulation; body-mind connection 
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Most children wish to achieve high scores on tests while attending school. To 
accomplish this, children need to concentrate on their classes and daily studies. This in turn 
requires optimal regulation of their psychological and physiological states in order to achieve 
their best performance on tasks. In this study, we focused on the effects of seated posture as a 
regulation method of psychological and physiological states, and investigated whether 
posture regulation (i.e., adopting an upright posture) affects test performance in children. 
Effects of Psychological Mood States on Task Performance 
Several studies have found that psychological mood states can influence test 
performance amongst children (Hallam, Price, & Katsarou, 2002; Owens, Stevenson, Hadwin, 
& Norgate, 2012; Ramirez & Beilock, 2011). Accordingly, it can be expected that regulating 
children’s psychological state can lead to higher test performance. Getting high scores and 
grades could give children the possibility of obtaining better evaluations from their teachers, 
better grades, getting scholarships, and entering good universities. Therefore, what is the best 
mood state for task performance? 
Positive affect improves task performance (Baron, 1990; Baron & Thomley, 1994; 
Erez & Isen, 2002), problem solving on tasks (Isen, Daubman, & Nowicki, 1987; 
Subramaniam, Kounios, Parrish, & Jung-Beeman, 2009), and cognitive function (Fredrickson, 
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2001). Other studies have suggested that positive affect enhances creativity and facilitates 
problem-solving amongst children (Greene & Noice, 1988). The arousal level also appears to 
affect one's ability to perform a task ( e.g., Ito et al., 2011; O’Connell et al., 2008). The 
decline in arousal causes inhibition of attention and cognitive function, resulting in a decrease 
in performance during tasks conducted in a sitting position (Caldwell, Prazinko, & Caldwell, 
2003). Therefore, maintaining a high level of arousal could improve task performances (Khan, 
Brinkman, & Hierons, 2011). For example, Khan et al. (2011) reported that a relatively high 
level of arousal was best for tasks performed in a sitting position. Increased arousal has been 
associated with improved performance on calculation tasks (Ito et al., 2011; Omori, Sawairi, 
Kubota, & Murakami, 2007), sustained attention tasks (O’Connell et al., 2008). Byun et al. 
(2014) indicated that the psychological arousal level is positively correlated with cognitive 
task performance. To our knowledge, only a few studies have investigated whether 
maintaining a relatively high arousal state heightens children’s task performance. However, a 
reduced level of arousal might become a problem when doing routine tasks such as 
homework and classroom activities (Gumora & Arsenio, 2002). Therefore, it could be 
expected that maintaining a high level of arousal leads to high task performance in children. 
From these studies, it can be predicted that positive and high arousal states are key elements 
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in improving task performance even amongst children while they are in a seated position. 
Several researchers consider one's current mood states to be comprised of two 
dimensions: (1) pleasure (i.e., positive and negative mood), and (2) activation (i.e., high 
arousal and low arousal) (e.g., Feldman, Barrett & Russell, 1998; Laresn & Diener, 1992; 
Sakairi, Nakatsuka, & Shimizu, 2013). Sakairi et al. (2013) developed the Two-Dimensional 
Mood Scale which adopts this two-dimensional model. This scale measures levels of vitality 
(i.e., high arousal positive state) and stability (i.e., low arousal positive state). Based on these 
scores, pleasure level and arousal level are calculated. It has been shown that an increase in 
vitality level is positively correlated with improved task performance (Inagaki, Amemiya, 
Matsuura, Kim, & Sakairi, 2015). Furthermore, vitality level has been positively correlated 
with psychological ‘flow’, which is a state of deep absorption in an activity that is 
intrinsically enjoyable (Csikszentmihalyi, 1990), and is indicative of one's level of 
concentration on tasks (Yagi & Sakairi, 2009). These findings suggest that up-regulating the 
vitality level to a high state could improve task performance. 
Effects of Posture Regulation on Psychological Mood and Physiological State 
Turning now to psychological mood states regulation in real school situations, from 
an educational perspective, it is better for students to make such adjustments to suit their own 
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needs. Posture regulation is one such method. Previous studies have shown a relationship 
between posture and the psychological state (e.g., Dael, Mortillaro, & Scherer, 2012; Darwin, 
1872,1965). For example, Prior research suggests that changing one's posture can have the 
effect of changing one's emotional state (e.g., Nair, Sagar, Sollers, Consedine, & Broadbent, 
2015; Rossberg-Gempton & Poole, 1993). In Eastern cultures, the practice of Zen and 
meditation emphasizes the importance of posture as a method of regulating the psychological 
state (Sakairi, Sugamura, & Suzuki, 2011). Moreover, the effects of the regulating posture 
have been scientifically demonstrated as well. Good sitting posture has been associated with 
increased confidence in thought and self-evaluation (Briñol, Petty, & Wagner, 2009), whereas 
a closed posture has been associated with unpleasant emotion when compared to an open 
posture (Rossberg-Gempton & Poole, 1993). Wilson and Peper (2004) found that positive 
thoughts were easier to recall when in an upright posture than when in a slumped posture. In 
addition to affecting psychological state, posture regulation has been shown to influence 
physiological factors as well. For example, a standing posture was found to increase EEG 
arousal relative to a sitting posture, which led to better performance on a psychomotor 
vigilance task (Caldwell et al., 2003). Adopting an upright seated posture increased heart rate 
(Sugamura & Shibahara, 2002). Compared to contractive postures, expansive, open postures 
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have been reported to enhance feelings of power, increase testosterone, decrease cortisol, 
increase risk tolerance (Carney, Cuddy, & Yap, 2010), and improve job interview 
performance (Cuddy, Wilmuth, Yap, & Carney, 2015). However, it has been pointed out that 
this research has not been replicated (Ranehill et al., 2015; Ronay, Tybur, Huijstee, & 
Morssinkhof, 2017). Moreover, the effects of power-poses on confidence and the endocrine 
system are still controversial. However, after taking other studies into consideration, we 
assumed it is plausible that posture regulation would have an effect on the physiological state 
(Nair et al., 2015; Rossberg-Gempton & Poole, 1993). 
Based on the current literature, adopting an upright seated posture would be expected 
to improve levels of psychological vitality and test performance and could easily be 
implemented in the classroom. Schulman and Shontz (1971) examined the effects of standing, 
sitting erect, sitting bent, or a supine posture on task performance. Participants attained the 
highest accuracy rate on the problem solving task while sitting erect. Similarly, Riskind and 
Gotay (1982) found that sitting erect produced a longer tolerance for unsolvable tasks than 
sitting slumped, however the authors found no difference in self-reported mood. This absence 
of posture effects on psychological states may be attributable to the method conducted in the 
study as well as the unstructured model with which emotions are often assessed (Nair et al., 
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2015). As a follow-up to this study, Nair et al. (2015) used a measure based on the 
two-dimensional model described above, and demonstrated that adopting an upright posture 
helped participants maintain a ‘high arousal positive state’, as well as a ‘positive state’, 
compared to a slumped posture. In the present study, this high arousal positive state is 
referred to as vitality and the positive state as pleasure. Therefore, people who adopt an 
upright posture would be expected to maintain high levels of vitality and pleasure as 
components of the same psychological factor. Since upright posture has been shown to 
increase heart rate (Sugamura & Shibahara, 2002), it may cause physiological activation as 
well. 
However, previous studies have been conducted on adults, and research targeting 
children are limited. Noda and Tanaka-Matsumi (2008) demonstrated that a classroom-based 
behavioral intervention package aimed at improving children’s sitting posture enhanced their 
academic writing productivity, as well as the sitting posture. This suggests the possibility that 
regulating posture improves task performance even in children. However, the effects of 
posture regulation on psychological and physiological states have not been investigated to 
date. Nevertheless, mind-body techniques similar to posture regulation, such as progressive 
muscle relaxation (Lohaus & Klein-Hessling, 2003) and yoga (Hagen, & Nayar, 2014) have 
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already proven to be effective even for children. Therefore, this study was designed to 
investigate the applicability of hypotheses of previous studies with adults to children. 
For these reasons, an upright posture may be able to achieve the psychological and 
physiological states that are suitable for improving performance on learning tests. 
Furthermore, most previous studies have only examined the effects of upright posture by 
comparing it to slumped posture, which is expected to cause more negative mood states and 
thereby decrease test performance. Research comparing upright posture to normal posture has 
been limited. To demonstrate the effectiveness of upright posture in daily situations, it is 
necessary to compare upright posture and normal posture because it will allow us to see 
whether upright posture provides any added benefit to normal posture. 
Present Study 
The purpose of this study was to examine the effects of regulating posture on 
children’s psychological and physiological states as well as their test performance. In this 
study, we have used posture regulation as a method of adjusting the psychological mood state 
and physiological states. Calculation, listening comprehension, and word memory tests were 
used to evaluate the ability required to perform well in a school setting. We hypothesized that 
adopting an upright seated posture, compared to a normal posture, would enable children to 
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maintain high levels of psychological vitality and pleasure and would lead to an increase in 
heart rate as an index of physiological arousal. We also predicted that the results of the 
learning performance tests would improve with upright posture compared to normal posture, 




Thirty-eight boys (mean age 12.3 ± 0.53 years) with normal hearing and reading 
ability in Japanese were recruited from Tuskuba City in Ibaraki, Japan. Written informed 
consent was obtained from all participants and their parents. Previous research that compared 
upright and slumped posture found a large effect size for upright posture on psychological 
state and task persistence (Nair et al., 2015). Nair et al. (2015) suggested the possibility that 
comparing upright and normal postures could result in smaller effect size than comparing 
upright and slumped posture. Thus, based on a moderate effect size, d = .50, a power analysis 
was conducted using G*power 3.1, with alpha of .05, and a power of .80, which indicated 
that 34 participants would be required for a matched pairs test. 
Posture Intervention 
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Since this study targeted children of the developmental stages whose physique, muscle 
strength, and usual posture are greatly different, forcing them to adopt a particular posture 
can be stressful for some. Hence, in this study, we adopted a method that participants adopt 
instructed posture to the extent that they do not feel stress. Then, the validity of the 
intervention was confirmed by checking to what extent the posture was actually regulated 
during the experiment. Below are the instruction and definition for posture condition. 
Normal posture: participant’s usual posture without any instruction. 
   Instruction: ‘sit in the same posture that you always have’ 
Upright posture: Upright posture: straighten their back. Body angle at 90 degrees (Haruki, 
2011). 
   Instruction: ‘straighten your back, and loosen your shoulder muscles’ 
Usual desks and chairs that are available in Japanese schools (KOKUYO; Osaka, 
Japan) were used in this study. Each desk and chair size were chosen for each child according 
to Japanese industrial standards. 
＜’ INSERT FIGURE 1 ABOUT HERE ’＞ 
Measures 
Posture analysis. The posture of each participant was recorded by a video camera 
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from a directly horizontal angle. The videos were cut every 30 seconds, and postures were 
measured and later analysed at two time periods: before the intervention (baseline) and 
during the performance tests. A digitizing system (DKH; Tokyo, Japan) was used to digitize 
manually the locations of three body points: the acromion, vertex of curve of the back, and 
greater trochanter. The posture analysis method is shown in Figure 2. A straight vertical line 
(line B) was drawn from the vertex of the curve of the back perpendicular to the straight line 
that connected the acromion and greater trochanter (line A). The ratio of the lines was then 
multiplied by 100 (B/A × 100) and used as an index of the curve of the back (Milne & Lauder, 
1974). The angle (A’) between line A and the horizontal was used to assess the angle of the 
body. 
＜’ INSERT FIGURE 2 ABOUT HERE ’＞ 
Psychological mood states. Psychological mood states were assessed with the 
Two-Dimensional Mood Scale (TDMS; Sakairi et al., 2013). The TDMS was developed as a 
psychometric scale with eight items measured using mood-expressing words. Each word 
combined both pleasure and arousal states in the following categories: (a) high 
arousal-pleasure (energetic, lively); (b) low arousal-displeasure (lethargic, listless); (c) low 
arousal-pleasure (relaxed, calm); (d) high arousal-displeasure (irritated, nervous). The 
POSTURE, MOOD STATE, AND TEST PERFORMANCE 12 
 
participants were asked to respond with their present psychological state before the posture 
intervention (baseline), after the posture intervention, and after the performance tests, using a 
six-point Likert scale, from 0 = ‘not at all’ to 5 = ‘extremely’. Vitality level, which represents 
low arousal-displeasure to high arousal-pleasure (−10 to +10 points), and stability level, 
which represents high arousal-displeasure to low arousal-pleasure (−10 to +10 points), were 
measured. Based on these scores, pleasure level (vitality + stability: −20 to +20 points) and 
arousal level (vitality − stability: −20 to +20 points) were calculated. Cronbach’s α in this 
study indicated that the reliabilities of each scale for vitality, stability, pleasure, and arousal 
were .60, .72, .60, .52, respectively. The alphas in this study had a relatively low value 
compared to a previous study (Sakairi et al., 2013). However, Oshio (2011) pointed out that 
alpha does not have a clear criterion but should be reviewed if it was less than .50. Therefore, 
there was no problem with the alphas in this study. ‘Arousal’ had a low value of α = .58, also 
in Sakairi et al. (2013). Sakairi et al. (2013) indicated the reason for this was that ‘arousal’ is 
calculated by the difference between ‘vitality’ and ‘stability’ (vitality - stability). Feldt and 
Brennan (1989) pointed out that the reliability of the difference score with a positive 
correlation inevitably resulted in low values. Moreover, Sperman-Brown’s coefficient 
showed that the reliabilities of each scale for vitality, stability, pleasure, and arousal 
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were .84, .74, .81, .77, respectively. All scales reached a satisfactory level of reliability. It has 
been demonstrated that the TDMS can be used with children over 12 years of age (IMF; 
Tokyo, Japan). 
Performance tests. Three types of tests were created to assess abilities used in actual 
school settings. The first was a calculation test to assess the speed of calculation processing. 
The second was a listening comprehension test to assess whether participants could carefully 
listen to their teacher. The third was a word memory test to assess the number of words in a 
text participants could remember. Several versions of each performance tests were created 
and counterbalanced to alleviate difficulty effects. All three tests were created with the 
assistance of three teachers currently employed in public elementary and middle schools to 
ensure content validity.  
The calculation tests comprised 66 questions, which included repetitions of the 
following types of problems: single-digit additions with single-digit solutions (e.g., 3 + 4 =?); 
single-digit additions with multiple-digit solutions (e.g., 8 + 5 =?); single-digit subtractions 
with single-digit solutions (e.g., 6 − 2 =?); subtractions which required borrowing (e.g., 16 
− 9 =?); single-digit multiplications (e.g., 4 × 9 =?); and divisions with single-digit solutions 
(e.g., 45 ÷ 5 =?). The participants were given one minute to write down as many responses as 
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they could.  
The listening comprehension tests were created with reference to the sixth section of 
the Kyoto University NX intelligence test (Saccess Bell, Hiroshima, Japan), which has been 
standardized in Japan (Osaka & Umemoto, 1973). The content of these tests were stories that 
were spoken in actual classrooms. Voice recordings of currently employed teachers were used. 
The listening time was approximately 1 minute and 30 seconds, and the comprehension test 
had 10 questions with a total of 17 possible points. 
The word memory tests evaluated memory for commonly used nouns (e.g., book, 
moon, milk, cat, school). These tests were based on the Japanese language version of a 
reading span test (Osaka & Osaka, 1994), which consists of a list of sentences. Participants 
were asked to memorize the nouns in each sentence. To prevent the participants from 
answering based purely on short-term memory, they were asked to respond to the TDMS 
after they had read the text. After giving responses on the mood scale, the participants were 
asked to write as many words as they could recall. The test consisted of 15 questions and the 
response period was 1 minute. The performance tests are available from the corresponding 
author. 
Physiological measures. Heart rate was continuously measured by the Equivital EQ02 
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LifeMonitor (Hidalgo; Cambridge, United Kingdom). The validity and reliability of this 
device as a physiological measurement has been confirmed (Liu, Zhu, Wang, Ye, & Li, 2013). 
Heart rate was measured for two minutes before the start of the experiment as a baseline and 
during the performance tests. 
Procedure 
Before participating in the experiment, the participants were given one day to practice 
the TDMS and sample performance tests. The experimental sessions were conducted in a 
laboratory with groups of 3 or 4 students. First, the participants were fitted with life monitors 
(EQ02) to measure their heart rate. After it was confirmed that heart rate was being measured, 
participants were given two minutes of rest. Second, the participants were asked to respond to 
the TDMS to measure their psychological mood states. Third, instructions were given about 
posture. For the upright posture conditions, the participants were told to ‘straighten your back, 
and loosen your shoulder muscles.’ For the normal posture condition, they were told to ‘sit in 
the same posture that you always have.’ The participants were also told to maintain the 
instructed posture throughout the experiment. After it was confirmed by the experimenter that 
the participants had adopted the designated posture, they were asked to maintain the posture 
for two minutes, and then to response once again to TDMS. Finally, the performance tests 
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were conducted, in the following order: calculation, listening comprehension, and word 
memory. To prevent the participants from answering based purely on short-term memory for 
the word memory tests, the participants were asked to respond first to the TDMS and then to 
recall as many words as they could remember. 
These procedures were conducted in both postures for each participant on different 
days (i.e., in a within-participants design). The order of the posture condition was 
counterbalanced to alleviate any ordering effects. The reason for adopting a 
within-participant design in this study, unlike in previous research (e.g., Nair et al., 2015), 
was the difficulty in securing the homogeneity of the group which is a prerequisite for 
between-participants design. This study targeted children in a developmental stage in which 
individual differences in intelligence, physique, and muscle strength are large. Therefore, the 
advantage of the design used in this study was that it isolated independent variable 
responsible for experimental effects, and heightening confidence in the conclusion that 
posture differences were responsible for observed changes in mood states, heart rate, and 
tests performance. 
Statistical Analysis 
Posture (index of the curve of the back and angle of the body) and heart rate were 
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analysed using 2 × 2 ANOVAs for repeated measurements, with the within-participants 
factors instructed posture condition (normal and upright) and time (baseline and during the 
performance test). Psychological mood states were analysed using 2 × 3 ANOVAs for 
repeated measurements, with the within-participants factors instructed posture condition 
(normal and upright) and time (baseline, after the posture intervention, and after the 
performance test). Bonferroni corrections were applied to significant F values. To control for 
Type I error, a MANOVA was used to investigate differences in the numbers of correct 
answers in the calculation, listening comprehension, and word memory tests between the two 
posture conditions that had a within-participant design. Differences in scores between posture 
conditions were calculated separately for each task. A MANOVA with Identity Matrix using 
these difference scores (3 levels) as dependent variables indicated that all these scores were 
zero. Statistical analyses above were conducted using SPSS Statistics 22. We conducted the 
method outlined in Montoya and Hayes (2017), as well as Judd, Kenny, and McClelland 
(2001) to examine whether psychological mood states mediated changes in test performance 
by testing the mediation using a two-condition within-participants design. These analyses 
were conducted using Mplus 7.4. The statistical significance level was set at p < .05. 
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Results 
Of the 38 participants, three were not able to participate in both conditions and one 
did not provide complete data for psychological state; they were excluded from the analyses.  
Postural Manipulation 
The difference in the curve of the back and the angle of the body at baseline and 
during the performance tests were compared between instructed posture conditions. There 
were significant Condition (normal versus upright) × Time (baseline versus during test 
performance) interaction effects for both the curve of the back and the angle of the body (see 
Table 1). There were no significant differences in posture between conditions at baseline, but 
significant differences were found for both the curve of the back and the angle of the body 
during the performance tests (p < .001). There was a larger curve in the back and the body 
leaned farther forwards in the normal condition than in the upright condition during the 
performance tests. These results are consistent with the definition of a good posture, which is 
‘their back is straightened, and the body angle is close to 90 degrees’ (Haruki, 2011). 
Therefore, the effectiveness of the posture manipulation was confirmed. 
＜’ INSERT TABLE 1 ABOUT HERE ’＞ 
Psychological Mood States 
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In order to examine the influence of posture on mood states, 2 (Condition: normal and 
upright) × 3 (Time: baseline, after posture intervention, and after performance tests) 
ANOVAs were conducted for vitality, stability, pleasure, and arousal levels from the TDMS 
(see Table 2, Figure 3). There were significant main effects of condition for vitality and 
pleasure, and significant main effects of time for stability and a marginally significant effect 
of time for pleasure and arousal. There were a significant Condition × Time interactions for 
vitality and arousal and a marginally significant interaction for pleasure. All psychological 
mood states did not differ between the upright condition and the normal condition at baseline. 
After the postural intervention, vitality was significantly higher in the upright condition than 
in the normal condition, F(1, 33) = 12.19., p = .001, ηp2 = .27. Vitality was also significantly 
higher in the upright condition after the performance test, F(1, 33) = 8.56, p = .006, ηp2 = .21. 
Stability decreased only in the normal condition from after the postural intervention to after 
the performance test (ps = .006). Pleasure was marginally significantly higher in the upright 
condition compared to the normal condition after the postural intervention, F(1, 33) = 3.52, p 
= .070, ηp2 = .10, and it was significantly higher after the performance test, F(1, 33) = 8.54, p 
= .006, ηp2 = .21. Arousal was significantly higher in the upright condition than in the normal 
condition after the postural intervention, F(1, 33) = 5.26, p = .028, ηp2 = .14. 
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＜’ INSERT TABLE 2 and FIGURE 3 ABOUT HERE ’＞  
Test Performance 
To examine the influence of posture on test scores, An MANOVA tested for 
differences in scores between the posture conditions for the calculation, listening 
comprehension, word memory tests, and order of posture (normal first vs. upright first). Since 
the MANOVA showed no effects of posture order, F(3, 30) = .80, p = .50, Pillai's trace = .074, 
the order factor was removed from the model. The results showed significant effects of 
posture conditions on test performance, F(3, 31) = 3.60, p = .024, Pillai's trace = .26. As 
posthoc tests, an ANOVA was conducted for each variable, checking for differences in test 
scores between posture conditions of each test score. Results indicated significantly higher 
scores in the upright posture condition compared to the normal posture condition in 
calculation tests, F(1, 33) = 6.91, p = .013. Moreover, the upright posture showed 
significantly higher scores than the normal posture in listening comprehension tests, F(1, 33) 
= 5.32, p = .028. However, there was no significant difference between upright and normal 
posture conditions in word memory test scores, F(1, 33) = 2.05, p = .16. These results 
indicate that adopting an upright posture improved children’s calculation and listening 
comprehension performance, relative to a normal posture. Figure 4 displays all test scores 
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respectively. 
＜’ INSERT FIGURE 4 ABOUT HERE ’＞ 
Are Psychological Mood States Responsible for Improved Test Performance? 
To answer this question, mediation analyses were conducted for within-subject 
designs by considering the posture conditions as an independent variable (X), the 
psychological mood states after the posture intervention (before the performance test) as a 
mediator (M), and test performance as the dependent variable (Y). Judd et al. (2001) first 
require confirming if there is a significant difference in M between the two conditions. 
Second, it is necessary to examine whether there is a significant difference in Y between the 
two conditions. In this study, only vitality levels satisfy the first criterion of M, and 
calculation tests and listening comprehension tests meet the second criterion of Y. Therefore, 
we examined whether the vitality level mediated calculation and listening comprehension test 
performance. Judd et al. (2001) also indicated that full mediation could be established by a 
significant coefficient for the mediator following a non-significant coefficient for the 
intercept term, which indicates that differences in psychological mood states would predict 
all the difference in tests performance. The results of this study showed that the difference in 
vitality levels significantly predicted calculation (z = 2.91, p = .004) and listening 
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comprehension tests performance (z = 2.19, p = .028), whereas the intercept coefficient was 
not different from zero (z = 1.05, p = .30 and z = 1.01, p = .31). These results suggest that 
difference in vitality levels fully mediated the effect of posture changes on calculation and 
listening comprehension test performance. In other words, this study supports the notion that 
an upright posture positively influences vitality levels and thus improves test performance. 
Heart Rate Response 
Due to limitations in the number of the heart rate monitoring equipment, we were 
unable to obtain data from all participants. Therefore 22 participants were randomly chosen, 
and their heart rate data were evaluated. There was a significant Condition × Time interaction 
for heart rate, F(1, 21) = 5.77, p = .026, ηp2 = .22. There was no significant difference 
between the two baseline conditions (normal posture baseline: M = 82.92, SE = 2.36; upright 
posture baseline M = 82.92, SE = 1.98). Thus, the significant interaction seems to have 
resulted from increased heart rate with the upright posture from baseline to the performance 
tests, (M = 85.29, SE = 2.08), F(1, 21) = 13.31, p = .002, ηp2 = .39, but with no corresponding 
change in normal posture (M = 83.32, SE = 2.21), F(1, 21) = .25, p = .62. The results 
indicated that adopting an upright posture increased heart rate. 
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Discussion 
The objective of this study was to examine the influence of posture regulation on 
children’s psychological and physiological states as well as their scores on learning 
performance tests. To our knowledge, this study presents the first experimental evidence for 
positive effects of upright seated posture on mood states, physiological arousal and test 
performance compared to normal seated posture in children. Adopting an upright posture 
enabled participants to maintain vitality and pleasure, as well as physiological arousal at high 
levels. The upright posture also improved calculation and listening test performance. 
Moreover, this improvement in test performance was fully mediated by the increase in 
vitality levels. 
Explanation of Findings 
Only a few previous studies have examined the effects of seated upright posture on 
psychological mood states. Nair et al. (2015) showed that upright participants reported more 
positive and higher arousal states relative to those with a slumped posture. The present study 
extended Nair et al.’s results by demonstrating that upright posture has a greater positive 
impact on vitality and pleasure level than normal posture as well. Furthermore, this is one of 
the first studies to show that holding an upright posture can have positive effects on the mood 
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states in children. Taken together, the current data support the notion that upright posture is 
an effective method of regulating one's psychological state in daily life, including school 
settings. 
The mechanisms of the effects of changing postures on psychological mood states 
remain unclear, but possible candidates are the effects of physiological change. In this study, 
adopting an upright posture increased heart rate which is a result that is consistent with 
previous findings (Sugamura & Shibahara, 2002). Increase in the heart rate was assumed to 
be caused by an increase in muscle activity in the trunk that affected autonomic nervous 
activity and neuroendocrine levels (Caldwell et al., 2003; Nair et al., 2015). Prior research 
suggests that physiological and psychological states are closely related (Kreibig, 2010), and 
therefore, it is possible to postulate that changes in physiological states due to posture 
regulation would affect a person’s psychological state. The increase in heart rate could have 
been due to an increase in fatigue, however in this study, upright posture was assumed not to 
cause a state of fatigue because the average heart rate in the upright posture condition was 
85.3 ± 2.1 (bpm), which is within the range of very light state (Borg, 1982). Furthermore, 
taking into account the results showing that psychological vitality and pleasure levels of the 
participants were higher in the upright posture compared to the normal posture, the increased 
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heart rate in the upright posture was expected to improve the low arousal and have a positive 
influence on the psychological state. However, one's psychological state can be influenced 
not only by one's physiological state but also by cognitive factors, such as proprioceptive 
stimulation from postures which can, in turn, affect emotion through a process of 
self-perception (Riskind & Gotay, 1982). Additional research is required to clarify the 
specific mechanisms involved. 
Calculation, listening comprehension, and vocabulary memory tests were used to 
examine the effects of regulating posture on learning performance in a school setting. The 
current study showed that taking an upright posture produced better scores for calculation and 
listening comprehension tests than sitting in a normal posture. Although some previous 
studies have shown that an upright posture improves performance in problem solving 
(Schulman & Shontz, 1971), and motivational tasks (Riskind & Gotay, 1982) amongst adult 
subjects, this study presents evidence that an upright posture amongst children improves the 
performance of tasks required in a school setting as well. Furthermore, posture-related 
differences in vitality levels measured by the TDMS before the performance test fully 
mediated the effects of upright posture on both calculation and listening comprehension 
performance. Therefore, it is postulated that posture-related psychological mood change may 
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enhance test performance. This contention is supported by findings suggesting that regulating 
psychological mood states influence task performance (e.g., Byun et al., 2014; Khan et al., 
2011) and an increase in vitality levels is positively correlated with an increase in task 
performance (Inagaki et al., 2015). In this study, a normal posture had a low vitality level. On 
the other hand, holding an upright posture resulted in maintaining high vitality level. The 
effect of the upright posture observed in this study is consistent with the results of Nair et al. 
(2015). In brief, continuously holding a normal seated posture during task performance could 
lead to a decrease in arousal and a positive psychological state, which usually results in a 
decrease in performance (Khan et al., 2011). However, adopting an upright posture maintains 
vitality at a relatively high level, suggesting that an upright posture produces positive 
conditions for performance tasks. Consequently, although there was no significant difference 
in scores on the word memory test between posture conditions, the present results 
nevertheless support the notion that an upright seated posture maintains children’s 
psychological mood states in a suitable condition for task performance, resulting in improved 
performance in tests. 
On the other side, there are researches who maintain that posture manipulation does 
not affect either the psychological or the physiological state. Therefore a consensus remains 
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to be reached. For example, Carney et al. (2010) demonstrated that high-power postures 
could cause improvements in testosterone, feelings of power, increased risk-taking and 
decreased cortisol. However, other studies have indicated this result could not be reproduced 
(Ranehill et al., 2015; Ronay, Tybur, Huijstee, & Morssinkhof, 2017). However, in this study, 
unlike in the studies on power poses, the time holding the upright posture was relatively long 
(approximately 15 minutes) compared to previous studies (2 - 6 minutes). Moreover, the 
posture was maintained even during task performance. Therefore, it is considered that the 
effect of posture regulation on mood states, physiological states, and test performance was 
demonstrated by this study. 
Limitations and Suggestions for Future Research 
Several limitations of the present study require consideration. First, only male 
participants aged 12 – 13 were included in this study. Although it is assumed that similar 
results would be obtained for female participants given the lack of sex differences found in 
the effects of posture regulation on task performance in a previous study (Schulman & Shontz, 
1971), future investigations should investigate whether posture regulation has a positive 
effect on the psychological and physiological states and test performance of girls. 
Furthermore, it would also be worthwhile to examine whether posture regulation is effective 
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for children in a variety of ages and developmental stages.  
Second, simple verbal instructions were used as a posture manipulation to examine 
the effect of posture regulation by the intervention method that can be easily applied in 
schools, Therefore, it might be difficult to eliminate the demand effect, which is that 
participants simply tried harder when they were told to adopt an upright posture. However，
Rossberg-Gempton and Poole (1993) have investigated the degree of expectation when 
instructed to hold a posture (e.g., ‘Would you please hold this position for ‘x’ seconds?’ or 
‘When most people adopt this posture, they feel this positively’) could affect subjects’ 
emotional experiences. They reported that expectancy variables did not affect the 
psychological state, suggesting that the experimenter’s expectancy or demand characteristics 
could not affect posture induced mood changes. Therefore, it is expected that the influence of 
demand effect in this study was relatively small. Nevertheless, further research adopting 
procedures for minimizing demand effects, such as using a cover story or posture regulation 
by adjusting the desk or chair would have to be conducted to investigate the effect of pure 
posture regulation on task performance. 
Third, This study was designed for application in actual school settings. Nevertheless, 
many factors need to be considered before applying experimental findings from the 
POSTURE, MOOD STATE, AND TEST PERFORMANCE 29 
 
laboratory to classrooms. For example, in a real class, teachers have to deal with larger 
numbers of students. Therefore, more careful confirmation regarding whether students’ 
postures are improved, or if students feel comfortable are necessary. Also, we only focused 
on the effects of adjusting posture on mood states and test performance over a relatively short 
time period. Since actual school classes and homework often extend over a longer period of 
time, it would be necessary to investigate the long-term duration of the posture regulation 
effects. A previous study found that a six-week intervention to improve children’s sitting 
posture enhanced their academic writing productivity (Noda & Tanaka-Matsumi, 2009), 
therefore it would be worthwhile to examine whether a long-term intervention of posture 
regulation would enhance children’s motivation for study, their exam results, or their school 
record. 
Conclusion 
In conclusion, the results suggest that adjusting children’s posture may lead to better 
psychological and physiological states which, in turn, may enable them to perform better on 
tasks in a school setting. These findings are valuable given that the adjustment of sitting 
posture does not require space, time, or other restrictions, and it can, therefore, easily be 
applied in a real-world school setting.  
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Table 1.  Changes of Body Posture by Postural Intervention. 
 
Notes: CI = confidence interval. Changes of body posture (curve of the back and angle of the body) in 
both Normal and Upright condition before the postural intervention (baseline) and after the 
intervention (during the performance tests) are shown. Results of Condition × Time interaction tests 
are shown. 
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Table 2.  Effects of Postural Intervention, Time, and Posture × Time Interactions on Psychological 
Mood States. 
 
Notes: Posture is normal and upright. Time is from baseline to after the postural intervention, to after 
the performance tests. 
  




Figure 1.  Postural condition. (A) Images of Normal posture. (B) Images of Upright posture. 
  




Figure 2. Method of posture analysis. The curve of the back was calculated as B/A×100. The 
angle of the body was evaluated by angle A’.  




Figure 3.  Mean scores for four psychological mood states in Normal and Upright posture conditions 
before the posture intervention (baseline), after posture intervention (after intervention), and after the 
performance test: (A) vitality level, (B) stability level, (C) pleasure level, and (D) arousal level. Error 
bars represent standard errors. 
 
  





Figure 4.  Mean number of the correct answers on three learning performance tests in Normal and 
Upright posture conditions: (A) calculation test, (B) listening comprehension test, (C) word memory 
test. Error bars represent standard errors. 
 
